Abstract. The present article investigates the problem of optimal investment, when, given a limited amount of funds, a decision must be taken to which projects and what amounts of funds are to be invested. Supposing that the expected average profit depends on several possible different market conditions, a matrix "game against nature" has been selected as the initial mathematical model. With a view to develop the optimal investment strategy, a linear programming task is formulated. The sensitivity of solutions to profitability coefficients is analysed by means of formulating a dual task for this task. The present article considers the stability and dynamics of the optimum investment strategy given a varying amount of the funds allocated to investment and the profitability of specific projects.
OPMENT OF ECONOMY
Introduction
The finding of the optimal investment plan is usually referred to as a portfolio task. In scientific publications related to the field of financial mathematics, this problem is mentioned fairly frequently. The heuristic methods used for the construction of an optimal portfolio are described in article [1] . Article [2] suggests an algorithm for dynamic multi-period portfolio optimisation. The relationship between fuzzy sets and matrix games theories is offered for multicriteria decision making in paper [3] .
The matrix game, linear and stochastic programming are described as models for optimal financing of labour safety means problem in articles [4, 5] .
Many financial economic decision problems were approached by operational research techniques [6, 7] . In the paper [8] the Mean Absolute Deviation model is investigated using the bounds of optimal objective function value, an algorithm for this model is developed. The linear programming solvability of Portfolio optimization problem is discussed in paper [9] . Partially integer mathematical programming is employed in article [10] .
Various mathematical models are possible to solve the problem of selection the optimal investment policy. The selection of a model depends on the kind of the presumptions made with regard to the known or partially known parameters of a task. The present paper examines the case when the average expected profit is not precisely known, because it depends on the market conditions in the future and the probabilities of possible market conditions are unknown either. In the case of such uncertainty the mathematical model of the problem may be a matrix "game against nature" which is sometimes referred to a statistical game. In order to develop the optimal investment strategy a linear programming task is formulated, which optimal value of the objective function is guaranteed by average profit which does not depend on market conditions.
The mathematical models required for the analysis of the problem
Let's suppose that 1 The present paper examines a parametric programming model which formation is based on looking for a modified mixed maximin strategy that would guarantee a specific amount of the average profit, which does not depend on market conditions [3] . Let W be the profit which will be obtained selecting the investment plan (
). In order to obtain the optimal investment plan, the following linear programming problem must be resolved:
Optimal value 0 W of the objective function is the guaranteed average profit. 
shows the value of money unit of the available sum C in the event of partial financing (with regard to optimal investment into projects
). are optimal values of the variables of the problem (1).
If the probabilities of market conditions are not the most unfavourable, i.e., irrespective of the way a market condition is realised, the investment plan ( 1 2 , , ..., m x x x ) will yield the average profit not less than 0 W . In order to find out how the optimal investment policy and the amount of guaranteed average profit change, where the amount of the funds allocated for investment increases, we need to solve the following parametric programming problem:
The result is the breaking down of interval (0; ∑
), within each of which the optimal investment policy is unchanged (to fully finance certain specific projects, others -to finance in part, third projects -not to finance), but changes moving to another interval. In each of these intervals and subject to increase of parameter t, the optimal values of dual variab-
remain fixed, however they change moving from one interval to another.
Within each of interval (
), the following linear dependencies are true:
By dividing restrictions 1, 2,…, m of task (2) 
Let's formulate a task which would be dual to task (4):
Task (5) is equivalent to task (1), and its variable i X shows the amount of funds which must be allocated to project i P .
Let's suppose that in respect of the fixed amount of available funds 0 C C = , letter J stands for a set of indexes i for which probability ) ( 0 C z j is greater than zero, while letter J 0 stands for a set of indexes i for which probability
Having employed duality theorems for tasks (4) and (5) in respect of each k belonging to set J, we obtain the following linear programming task:
Having carried out the sensitivity analysis of the solution of task (6) to the coefficients of the objective function, we find that the intervals within which each quotient The sensitivity analysis of the solution of the following task which is equivalent to task (6)
to the coefficients of the objective function allows to find the intervals within which each coefficient ij a , 0 J j ∈ may change (while others remain unchanged), so that the optimal investment plan does not change:
A linear programming task which is equivalent to tasks (1) and (5) is as follows:
where variable is
, and the optimal value of the objective function is the same as that of tasks (1) and (5). By fixing 0 C C = , we will get a task equivalent to tasks (6) and (7): By parametrising the coefficients of the objective function of task (7) 
we can find out by what amount all coefficients ij a , 0 J j ∈ may increase or decrease or certain coefficients decrease, whereas others increase (by modifying sign h), so that the solution (the optimal investment plan) will remain stable.
Conclusions

For each
) of the following linear dependencies:
Here i ξ is i component of the solution of task (8) . The rate of increase of the guaranteed average profit decreases with the increase of C. ). It is possible to introduce, in each interval, the arrangement of projects according to their profitability. Let's state that
The following statements are true:
3. The optimal investment plan ( m x x x ..., 2 1 ) is the solution of the linear equations system:
4. The most unfavourable probabilities ) (C z j of the market conditions 1 2 , , ..., n R R R , which, as we have seen, depend on the amount of available funds, are mixed minimax (second player) strategies in the matrix game
The value of game V coincides with the guaranteed average profit ) ( 0 C W . Optimal strategies are obtained solving task (8) .
is the component of the mixed maximin (first player) strategy of this game, the component of the optimal investment plan will be ( )
If we get that the lengths of the intervals (
are not large or that the allowed step h, which has been obtained by solving task (10) , is small, stochastic models of the proposed tasks must be considered, because in general, profit coefficients are not necessarily determined values, but rather random ones.
6. The columns of the matrix of profit coefficients may not be necessarily treated as possible different market conditions, but also as different forecasts of several experts with regard to the profitability of projects. If a market condition (or the opinion of an expert) exists which is "worse" than others (than forecasts of other experts) in respect to all projects, the mathematical models under analysis use only the column corresponding to this condition (expert), and tasks are simplified. Instead of the matrix under consideration, we are also going to have a single column, if the probabilities of market conditions are known (or where the forecasts of all experts may be replaced by a singlegeneralised -one).
Example
Let' suppose there are four projects P 1 , P 2 , P 3 , P 4 and three possible market conditions R 1 , R 2 , R 3 .
The profit coefficients matrix is: Letters i c have been selected in such a way that their sum would be 100, therefore, each of them may be considered a per cent of the sum total required to fully finance all projects.
Having solved parametric programming problem (4), we get six intervals of the variation of parameter C, within which the optimal investment strategy remains stable (meaning that the sets of fully and partially financed projects do not change). Table 1 exhibits a respective increase of the guaranteed average profit in different intervals at a different rate (on the basis of the first conclusion). We can see a respective increase of guaranteed average profit in Fig 2. Profitability coefficients i γ of projects in different in-
) may be seen in Fig 3. The arrangement of the projects according to the profitability coefficients i γ is presented in Table 2 .
The way to estimate y of a money unit to be invested and probabilities Table 3 with other coefficients unchanged. a increases by this amount. Therefore, we see that when several coefficients change, a small step (h) is allowed, so it would be important the examine the recommended mathematical models as stochastic ones.
